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[57] ABSTRACT 

Although it is inevitable that the barrier rib fracture remains 
on the barrier rib from a pressure applied from opposing 
glass substrates surface, the present invention aims to 
assemble the panel display after removing the broken frag 
ments of the barrier rib from the discharge chamber. Accord 
ing to the manufacturing method of the panel display for the 
present invention, the method includes the step of temporary 
aligning the tWo glass substrates face-to-face, the step of 
decompressing the barrier rib pattern area formed by the 
alignment of the tWo glass substrates by isolating the barrier 
rib pattern area from the normal atmospheric pressure, the 
step of cleaning at least one of the glass substrates on facing 
side by detaching one of the glass substrates after the 
pressure has been returned to the normal atmospheric 
pressure, and the step of forming the discharge chamber by 
pasting the tWo glass substrates together in the similar 
manner as the temporary alignment. 

9 Claims, 11 Drawing Sheets 
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MANUFACTURING METHOD OF PANEL 
DISPLAY AND ITS APPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a manufacturing method 

and its apparatus for reducing an occurrence rate of picture 
element imperfections in a panel display. 

2. Description of the Related Art 
FIG. 1 illustrates a typical con?guration of an electrical 

discharge type plasma display panel. Numbered components 
indicated in this ?gure are: sustaining discharge electrodes 
1x and 1y; bus electrodes 2x and 2y supplying voltage to the 
sustaining discharge electrodes 1x and 1y; a dielectric layer 
3 uniformly Covering the bus electrodes; a discharge cath 
ode 4 formed With a vaporiZed MgO ?lm; and a frontal glass 
substrate 5 loaded With the sustaining discharge electrodes, 
the dielectric layer and the vaporiZed MgO ?lm. 

Further, the numbered components are: address electrodes 
6 intersecting perpendicularly With the sustaining discharge 
electrodes; a barrier rib 7 for separating the address elec 
trodes 6; ?uorescent bodies 8R (red), 8G (green) and 8B 
(blue) are formed in Walls of the address electrodes 6 and the 
barrier rib 7; a rear glass substrate 9 loaded With the address 
electrodes, the barrier rib and the ?uorescent bodies. A 
discharge chamber surrounded by the ?uorescent bodies and 
the cathode ?lm 4 is formed at the Walls of the address 
electrodes 6 and the barrier ribs 7, Which is formed by a top 
part of the barrier rib 7 touching the cathode ?lm 4, and this 
discharge chamber formed is ?lled With a miXed gas of neon 
and Xenon (Ne—Xe gas). 

Conventional manufacturing process of the plasma dis 
play panel shoWn in FIG. 1 is described beloW. 

To begin With, a ?oW of manufacturing the frontal glass 
substrate 5 is performed in three steps of 1) to 3) as described 
beloW. 

1) In step 1, a method of pattern formation in a thin ?lm 
photolithography process, or a processing technology such 
as a thick ?lmprinting method is usedto form the sustaining 
discharge electrodes 1x and ly and the bus electrodes 2x and 
2y on the frontal glass substrate 5. 

2) In step 2, the dielectric layer 3 is formed by spreading 
and sintering a thick ?lm glass With a loW-melting point. 

3) In step 3, the cathode ?lm 4 is formed by vaporiZing 
MgO in a vacuum. 

FolloWing is a ?oW of manufacturing the rear glass 
substrate 9, performed in steps 4) to 6) as described beloW. 

4) In step 4, the method of pattern formation in the thin 
?lm photolithography process, or the processing technology 
such as the thick ?lm printing method is used to form the 
address electrodes 6 on the rear glass substrate 9. 

5) In step 5, the barrier rib 7 is formed by spreading and 
sintering the glass With a loW-melting point. It is necessary 
to have the pattern for processing the barrier rib, for 
examples, a method of forming a pattern directly by a thick 
?lm printing, a method of taking the pattern by sandblasting 
after spreading a plain layer by the thick ?lm printing, or a 
method of pre-creating a resist pattern for molding to ?ll the 
gutter by the thick ?lm printing. 

6) In step 6, a paste Which is a source material for the 
?uorescent bodies is spreaded on the rear glass substrate 9, 
and the ?uorescent bodies 8R, 8G and 8B are formed by 
burning resinous binders contained in the paste. 

Process of combining the frontal glass substrate 5 and the 
rear glass substrate 9 completed accordingly are performed 
in steps 7) to 10) as described below. 
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2 
7) In step 7, spread a sealing glass onto at least one of the 

glass substrates from the frontal 5 or the rear 9, for pasting 
the tWo substrates together at the outer edge. 

8) In step 8, both substrates are aligned face-to-face. 
9) In step 9, the substrates are aligned and pasted at the 

outer edge by melting the sealing glass With heat. At the 
same time, an operation to join a chip pipe With the sealing 
glass (as required later in step 10) is performed against an 
eXhaust vent that is penetrating through the rear glass 
substrate 9. 

10) In step 10, the chip pipe is connected to an air exhaust 
pipe of an eXterior apparatus, and a chamber betWeen the 
substrates are evacuated through the chip pipe by heating 
and degassing. After the evacuation is completed, the 
Ne—Xe gas for discharging is ?lled inside this chamber 
through the same chip pipe. When the gas has been ?lled-up 
completely, the chip pipe is chipped-off at a point closest to 
the rear glass substrate 9. 
On a surface of the dielectric layer 3 Which is obtained by 

sintering of the glass With loW-melting point, generally, a 
numerous number of minute protrusions at sub-micron to 
feW micron level appears due to a material constituent of the 
dielectric layer 3 being used. In addition, When a foreign 
substance became trapped inside the loW-melting point glass 
during the sintering process, this results in an appearance of 
protrusions in feW tenth of micron level at the surface. Even 
if the cathode ?lm 4 covers the dielectric layer 3, hoWever, 
since the cathode ?lm 4 is uniform in thickness, the surface 
protrusions of the dielectric layer 3 are left as they are. 

LikeWise, at a top of the barrier rib 7, the appearance of 
protrusions due to the material constituent of the barrier rib 
7 being used and an inclusion of the foreign substance 
happens commonly. Because the barrier ribs 7 has a micro 
scopic pattern Which is different from the dielectric layer 3, 
and the height of the barrier rib 7 ranges from 100 to 200 
microns Which is usually smaller than its Width, and such 
structure in general tends to break easily When subjected to 
a pin-point pressure. 
Under such state, When the top of barrier rib 7 touches the 

cathode ?lm 4 after the step 8 as illustrated in FIG. 11, there 
are a number of cases Where the barrier rib 7 break-off due 
to the pin-point pressures being applied from the protrusions 
of dielectric layer 3 as Well as the protrusions of the top part 
of barrier rib 7. The breaking of barrier rib 7 occurs mostly 
during the vacuum evacuation of step 10. That is, as the 
discharge chamber is being vacuum evacuated, an outside 
air pressure applied to the frontal glass substrate 5 and the 
rear glass substrate 9 Will be supported by the barrier rib 7 
and this Will often cause the tips of barrier rib 7 to break. 

FIG. 11 illustrates the state of barrier rib breakage in 
cross-section vieWed perpendicularly from the pattern of 
barrier rib 7. Numbered components indicated in FIG. 11 
folloWs: a foreign substance 21 buried inside the dielectric 
layer 3; a fracture 22 of barrier rib (7) resulted from 
receiving the pin-point pressures from the protrusions 
formed by the inclusion of foreign substance; and a broken 
fragment 23 from the barrier rib 7. The broken fragment is 
attaching a little bit of ?uorescent body attached to the Wall. 
Such breakage of the barrier rib Will cause the dot imper 
fections at a time of emissive display as described in (a) and 
(b) of beloW. 

(a) A function of separating the discharge chamber is lost 
at the fracture 22 of barrier rib, and in FIG. 11, a mutual 
interference become intensi?ed on right and left sides 
of the fracture 22. 

(b) The broken fragment 23 from the barrier rib becomes 
physical and electrical obstructions in the discharge 
chamber. 
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Conventionally, the manufacturing method of the panel 
display is performed in a manner described previously, that 
there is a problem of barrier rib breaking in a ?nal stage of 
the product to cause the dot imperfections at the time of 
emissive display due to the broken remnants left behind. 

In attempt to reduce the occurrence of dot imperfections, 
reducing the protrusions at the top of barrier rib 7 is 
effective. A speci?c method to reduce the protrusions at the 
top of barrier rib 7 is to polish its surface, hoWever, ?nishing 
touch of polishing should be done in a great accuracy 
otherWise outside air pressure cannot evenly be distributed 
at the time of vacuum evacuation in step 10, therefore, a 
prevention of the barrier rib breakage for this reason is 
dif?cult. 

What’s more, even if the protrusions at the top of barrier 
ribs 7 are completely removed this Way, an effect of pre 
venting the barrier rib breakage is still small, since the 
surface protrusions are also present on the dielectric layer 3. 
As means to control the surface protrusions of the dielec 

tric layer 3, conventionally, a prevention of the inclusion of 
foreign substance during the processing is most effective, in 
addition, When the protrusions appear at its surface, the 
surface polishing is also effective. HoWever, practically 
speaking, it is impossible to control the inclusion of foreign 
substance for such structure as the panel display involving 
large area, as Well, the surface polishing of the dielectric 
layer 3 is equally dif?cult as the polishing of the barrier rib 
7. 

In order to solve the problem, taking that it is inevitable 
to prevent the breakage of barrier ribs 7, the present inven 
tion aims to reduce the occurrence of dot imperfections by 
adding a process to a manufacturing apparatus, Which is the 
process to eliminate the broken fragments into the discharge 
chamber so that the fragments do not become obstruction in 
the discharge chamber. 

SUMMARY OF THE INVENTION 

These and other objects are accomplished by the present 
invention as hereinafter described in further detail. 

According to one aspect of the present invention, the 
manufacturing method of panel display is for sealing a ?rst 
glass substrate having a barrier rib and a second glass 
substrate having a dielectric layer to form a discharge 
chamber in betWeen the ?rst glass substrate and the second 
glass substrate. The manufacturing method of panel display 
comprises steps of: 

temporary aligning the ?rst glass substrate and the second 
glass substrate face-to-face, With a side of the barrier 
rib facing a side of the dielectric layer; 

decompressing a barrier rib pattern area formed With the 
?rst and the second glass substrates under the tempo 
rary aligning from a normal atmospheric pressure; 

cleaning at least one of the glass substrates on facing side 
after detaching the glass substrates from the temporary 
aligning, after returning a pressure inside the barrier rib 
pattern area to the normal atmospheric pressure; and 

sealing the discharge chamber by re-aligning and then 
pasting the tWo glass substrates in approximately the 
same manner as the temporary alignment. 

According to an another aspect of the present invention a 
manufacturing apparatus of panel display is for sealing a 
?rst glass substrate having a barrier rib and a second glass 
substrate having a dielectric layer to form a discharge 
chamber in betWeen the ?rst glass substrate and the second 
glass substrate. The apparatus comprises: 

an air-tight material for covering over at least one of the 
glass substrate under the temporary alignment, and 
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4 
a table for supporting the other one of the glass substrates, 

and for forming an air-tight space With the air-tight 
material. 

Further scope of applicability of the present invention Will 
become apparent from the detailed description given here 
inafter. HoWever, it should be understood that the detailed 
description and speci?c examples, While indicating pre 
ferred embodiments of the invention, are given by Way of 
illustration only, since various changes and modi?cations 
Within the spirit and scope of the invention Will become 
apparent to those skilled in the art from this detailed descrip 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention Will become more fully understood 
from the detailed description given hereinbeloW and the 
accompanying draWings Which are given by Way of illus 
tration only, and thus do not limit the present invention, and 
Wherein: 

FIG. 1 is a con?guration diagram of a discharge cell for 
a typical panel display; 

FIG. 2 illustrates an active breaking of the barrier rib for 
embodiment 1; 

FIG. 3 illustrates a result of the barrier rib breakage of 
panel display after the vacuum evacuation; 

FIG. 4 illustrates the active breaking of barrier rib for 
embodiment 2; 

FIG. 5 illustrates an another active breaking of barrier rib 
for embodiment 2; 

FIG. 6 illustrates the active breaking of barrier rib for 
embodiment 3; 

FIGS. 7A—7C are the con?guration diagram of a donut 
shaped upper lid for embodiment 4; 

FIG. 8 illustrates the active breaking of barrier rib for 
embodiment 4; 

FIGS. 9A—9B illustrate a manufacturing method of 
embodiment 4 using cross-section of the con?guration and 
its detail; 

FIG. 10 illustrates an another ?nal alignment for the 
embodiment 4; and 

FIG. 11 illustrates a conventional manufacturing method 
shoWing a result of the breaking of barrier rib. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Reference Will noW be made in detail to the present 
preferred embodiments of the invention, examples of Which 
are illustrated in the accompanying draWings, Wherein like 
reference numerals indicate like elements throughout the 
several vieWs. 

Embodiment 1 

The manufacturing method of the panel display including 
a process to remove the broken fragments, and the apparatus 
used for such manufacturing method is described. 

FIG. 1 illustrates an angled vieW of the con?guration of 
an assembled ?nal product. FIG. 2 illustrates a structural 
cross-section describing a process involved in the manufac 
turing method of the present embodiment. Numbered com 
ponents indicated in the ?gures folloWs: nth sustaining 
electrodes in pairs of 1x” and 1y”; n+1th sustaining elec 
trodes in pairs of lxn+1 and lyn+1 (Where n is nth number); 
the bus electrodes in pairs of 2x” and 2y”; n+1th bus 
electrodes in pairs of 2x”+1 and Zyn+1 (Where n is nth 
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number); the dielectric layer 3, the cathode ?lm 4, the frontal 
glass substrate 5 loaded With these components; address 
electrodes 6; the barrier ribs 7; the ?uorescent bodies 8R 
(red), 8G (green) and 8B (blue); and the rear glass substrate 
9 loaded With these components. A sealing glass 14 for 
pasting the frontal glass substrate 5 and the rear glass 
substrate 9 at the ?nal stage of processing, for Which the 
?gure illustrates a state before melting and sealing. A table 
31 is a part of the manufacturing apparatus for loading the 
frontal glass substrate 5 and the rear glass substrate 9. A 
vacuum vent 32 for decompressing is set at the table 31, 
Which is used for vacuum evacuation and is also used to 
return to a normal atmospheric pressure. An air-tight sheet 
33 made of a ?exible material is used in decompressing a 
chamber betWeen the table 31 and the frontal glass substrate 
5 and the rear glass substrate 9. Depending on a 
circumstance, in addition to a rigid body of the table 31, an 
another air-tight sheet 33 made of the ?exible material can 
be laid beloW the frontal glass substrate 5. 

The manufacturing method of the panel display is 
described for the present embodiment. 
An order of the manufacturing method folloWs beloW. In 

the embodiment, the sustaining electrode, the dielectric layer 
3, and the cathode ?lm 4 are formed on the frontal glass 
substrate 5, and the address electrode 6, the barrier ribs 7 and 
the ?uorescent bodies 8 are formed on the rear glass sub 
strate 9. 

In the present embodiment, the sealing glass 14 is spread 
on the rear glass substrate 9 before the processing described 
beloW. 

11) In step 11, the frontal glass substrate 5, With a 
previously mentioned components loaded on it, is placed on 
the table 31, With a side of the dielectric layer 3 facing up. 
Then, the rear glass substrate 9, With the previously men 
tioned components loaded on it, is placed on top of the 
frontal glass substrate 5, With a side of the barrier rib facing 
doWn. 

12) In step 12, the frontal glass substrate 5 and the rear 
glass substrate 9 are aligned. 

13) In step 13, a chamber is formed using the ?exible 
sheet 33 With an air-tight quality by covering the tWo glass 
substrates and the table 31, and the chamber formed is 
isolated from the surrounding chamber. 

14) In step 14, the isolated chamber formed that is 
mentioned above is decompressed through the vacuum vent 
32. FIG. 2 illustrates this state. Under this state, the isolated 
tWo glass substrates are pushed aside by the outside atmo 
spheric pressure together With the ?exible sheet 33, and the 
tips of the barrier rib are Weak so When compressed this Will 
result in the breakage. 

15) In step 15, after a pre-determined time has lapsed, the 
pressure inside the isolated chamber mentioned above is 
returned to normal through the vacuum vent 32. 

16) In step 16, the ?exible sheet 33 is removed and the 
rear glass substrate 9 is detached from the frontal glass 
substrate 5. 

17) In step 17, the remnants mostly of the broken frag 
ments of the barrier rib 7 that became attached to the tWo 
glass substrates 5 and 9 are removed. 

Speci?cally, a vibration method or a vacuum suction 
method are effective for cleaning the rear glass substrate 9, 
and for cleaning the frontal glass substrate that has no 
?uorescent bodies, the broken fragments 23 are ?rst of all 
bloWn aWay using an ultrasonic Wave air bloWer, and the 
bloWn aWay fragments are removed using a vacuum suction. 
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18) In step 18, the tWo glass substrates 5 and 9 that are 

cleaned are re-aligned face-to-face in a similar manner as in 
step 12. FIG. 3 illustrates this state, and even When the 
foreign substances 21 happened to remain in the dielectric 
layer 3, a chance of further breakage occurring from embed 
ding of the fracture 22 of the barrier rib 7 With the foreign 
substance becomes loW. 

19) In step 19, the outer edge of tWo glass substrates 5 and 
9 are pasted together using the sealing glass 14 by melting 
it. 

20) Lastly in step 20, the chamber formed betWeen the 
tWo glass substrates 5 and 9 that are sealed together is 
vacuum evacuated, and after that the chamber is ?lled With 
the neon-xenon gas. 

The broken fragments are removed accordingly, 
therefore, the occurrence of dot imperfections on the panel 
display is reduced. 

In the present embodiment, the decompressing step of 
step 14 is only done once, hoWever, the steps 11 to 17 can 
be repeated a plurality of times. 

Embodiment 2 

The present embodiment describes a method to uniformly 
apply pressure from outside to the barrier rib throughout a 
plane of the panel during the decompressing step. 

In the embodiment 1 the sealing glass 14 is spread on the 
rear glass substrate 9 before the decompressing step, 
hoWever, there is a possibility for the breakage not to occur 
actively. To improve from this, the decompressing step is 
done after the spreading of the sealing glass 14. FIG. 4 
illustrates cross-section of a state after step 14 When the 
decompressing step is done before the spreading of the 
sealing glass 14. The numbered components indicated in 
FIG. 4 is same as the previous ?gure (FIG. 2). Note that 
same numbered components also correspond to the later 
?gures. By doing so, the decompressing step can force a 
suf?cient breaking of the barrier rib 7 around a panel 
periphery. 

The step of spreading the sealing glass 14 can either be 
done after step 16 When the glass substrates are pulled apart, 
or after step 17 When the remnants are removed, or after step 
18, before or after a formal alignment process of the tWo 
glass substrates and inserting the sealing material in betWeen 
the tWo glass substrates from the side and then melting it. 

FIG. 4 is cross-section of an another manufacturing 
method for the present embodiment. Under the method of 
FIG. 4, a large amount of pressure is applied around the 
panel periphery at the decompressing step, and this may 
cause the breakage of barrier rib 7 more than it is necessary. 
To prevent from an excessive breakage of the barrier rib 7, 
as shoWn in FIG. 5, spacers 34 are placed around the smaller 
one of the glass substrates 5 or 9 after the temporary 
alignment of step 12. When the decompressing step 14 is 
performedunder this state, the barrier rib 7 Will receive the 
uniform pressure throughout to avoid a trouble mentioned 
above. 

Embodiment 3 

The present embodiment describes a Way to prevent a 
displacement of the alignment during the decompressing 
process for a proper pasting of the tWo glass substrates. 

Under the manufacturing method described in the previ 
ous embodiments, the air-tight sheet covering Whole plane 
of the glass substrates to create an isolated decompressing 
chamber Was used, hoWever, under these embodiments, the 
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air-tight sheet 33 may possibly stretch and deform in a plane 
direction to cause the displacement. To prevent the stretch in 
the plane direction, in the present embodiment the air-tight 
sheet covers only the panel periphery directly, and devises 
an apparatus in Which the decompressing is performed from 
the periphery of the glass substrates. 

FIG. 6 is structural cross-section illustrating a main part 
of the manufacturing apparatus for the present embodiment. 
Avacuum ?ange 16 for vacuuming a chamber formed by the 
tWo glass substrates 5 and 9 using a vent 13 Which is used 
at ?nal vacuuming process. An O-shaped ring 17 maintains 
an air-tight property of the vacuum ?ange 16 and the glass 
substrate. Spacers 18 is made of a ?exible material. In the 
present embodiment, the sealing glass 14 is formed after the 
cleaning process, therefore, in preparation for decompress 
ing step 14, the spacers 18 are placed to encompass a smaller 
one of the glass substrates (in FIG. 6, the frontal glass 
substrate 5) at the temporary aligning step, Which prevents 
distortion of a larger one of the glass substrates (i.e. the rear 
glass substrate 9) to a side of the frontal glass substrate 5. 

The present embodiment describes the manufacturing 
method of the panel display. 
As described previously, the sealing glass 14 is formed 

after the cleaning step 17. The manufacturing step of the 
present embodiment is similar to the embodiment 1, except 
for a step described beloW. 

During or just after the temporary aligning step, the 
spacers 18 that are ?exible in material quality are placed to 
encompass the frontal glass substrate 5. 

The step 13, Which is the step of covering With the ?exible 
sheet 33 of air-tight quality, is replaced With a step 23 
described beloW. 

23) In step 23, ?x the vacuum ?ange 16 to the vacuum 
vent 13, With the O-shaped ring 17. 

All other steps after the step 14 is same as the embodiment 
1. 

According to the manufacturing method of the present 
embodiment, since no force is applied in a horiZontal 
direction by the air-tight sheet 31 made of ?exible material, 
there Will be no displacement in the alignment. 

Embodiment 4 

The present embodiment describes the manufacturing 
method and its apparatus that prevents the displacement of 
alignment during the manufacturing steps, and the manu 
facturing method and its apparatus With excellence that does 
not require to place delicate and ?exible spacers. 

FIGS. 7A—7C illustrate a top lid used for forming an 
air-tight periphery of the manufacturing apparatus for the 
present embodiment. FIG. 8 is a plan diagram shoWing a 
table of the same manufacturing apparatus Where the frontal 
and rear glass substrates are loaded on it. FIGS. 9A—9B 
illustrate cross-section of a state Where the top lid of FIG. 7A 
is loaded onto the state illustrated in FIG. 8. Numbered 
components indicated in the ?gures folloWs: a donut-shaped 
top lid 36 for a use in air-tightening; an outer circumference 
of O-ring 37 for maintaining air-tightness of the donut 
shaped top lid 36; an inner circumference of O-ring 38; and 
a box-shaped table 41 for the manufacturing apparatus of the 
present embodiment Which is having a vacuum vent 42. 

The manufacturing apparatus of the present embodiment 
has a plan to devise the alignment accordingly: a L-shaped 
base plate 43; guide pins 44, 45 and 46 used for taking 
alignment of the frontal glass substrate 5 and the rear glass 
substrate 9 at the same time; a setter 47 for adjusting heights 
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8 
of the guide pins 44, 45 and 46 and the tWo glass substrates 
5 and 9; a Weight 48 placed on top of the rear glass substrate 
9 Which stops the displacement of position of the tWo glass 
substrates. 
The manufacturing method of the panel display is 

described for the present embodiment. 
The manufacturing method and its apparatus for the 

embodiment 4 is same as the manufacturing method and the 
manufacturing apparatus for the embodiment 1, except that 
a step described beloW is included. For the embodiment 4, 
the sealing glass 14 is applied after the decompressing step. 

Before placing the tWo glass substrates 5 and 9 onto the 
table 41 as in step 11, the guide pins 44, 45 and 46 are ?xed 
to the box-shaped table 41 using the L-shaped based plate 
43. The setter 47 for adjusting heights is also placed on the 
table 41. 

32) In step 32, the alignment step of the present embodi 
ment is done in a similar manner as the step 12, hoWever, the 
alignment step of the present embodiment is much easier for 
a repeated use, because it only involves placing of the tWo 
glass substrates 5 and 9 against the guide pins 44, 45 and 46, 
as illustrated in FIGS. 9A—9B. 

The step 32 is further described in detail. The L-shaped 
base plate 43 is ?xed to the box-shaped table 41. The tWo 
glass substrates 5 and 9 placed on the setter 47 as the tWo 
touches a XY plane of the table 41, Where X-line edge plane 
touches the positions of a guide pin 46, and Y-line edge 
plane touches the guide pins 44 and 45. In more detail, FIGS. 
9A—9B illustrate the rear glass substrate 9 is touching the 
upper side of the guide pin 44, and the frontal glass substrate 
5 is touching the loWer side of the guide pin 44. On the other 
hand, When components of the panel display such as the 
sustaining electrodes 1x and ly, the bus electrodes 2x and 2y, 
the address electrode 6, the barrier rib 7, and the ?uorescent 
bodies are adequately formed to the panel periphery, there 
should be no problem With a displaying capacity of the panel 
from the absolute shifting from best aligned position to some 
extent, and even if the shifting occurs the re-alignment is 
possible. 

Thus, as described in step 11, the frontal glass substrate 5 
is placed on the height-adjusted setter 47, and as the frontal 
glass substrate 5 is being placed on the X and Y lines of the 
table 41, it touches the guide pins. In the present step, the 
rear glass substrate 9 is placed on the frontal glass substrate 
5, With a side of the barrier rib 7 facing the frontal glass 
substrate 5. At this time, as the edge plane of the rear glass 
substrate 9 touches the guide pins 44 and 45, the rear glass 
substrate 9 is placed on the frontal glass substrate 5 at a 
position Where the edge plane of the rear glass substrate 9 is 
aWay from the guide pin 46. After that, the edge plane of the 
rear glass substrate as it touches the guide pins 44 and 45, 
it is preferable to slide the rear glass substrate 9 on top of the 
frontal glass substrate 5 in a parallel direction of the barrier 
rib 7 pattern, toWards the guide pin 46. In such the direction 
of movement, the top of barrier rib 7 rubs against the frontal 
glass substrate, no force of friction is applied in the perpen 
dicular direction of pattern of barrier rib 7, that an unnec 
essary breakage of barrier rib 7 is prevented. 
The isolating process of step 13 is replaced With a step 

described beloW. 
33) In step 33, the donut-shaped top lid 36 for use in the 

air-tightening is put over the periphery of the tWo glass 
substrates through the outer O-ring 37 and the inner O-ring 
38, to maintain the air-tight property of the box-shaped table 
41. 
The processes after the step mentioned above is similar to 

the embodiment 1. 



6,081,306 
9 

According to the manufacturing method and its apparatus 
of the present embodiment, a ?ne height adjustment of the 
barrier rib 7 in 100 to 200 microns using the ?exible ring 18 
as in the previous embodiment is not necessary. That is, if 
the ?exible ring 18 is too thin, it can cause a leak in the 
vacuum, and if it is too thick, it can cause a raise of the 
barrier rib 7 at the periphery of glass substrates Where the 
breaking by the protrusions mentioned before may not 
occur. In addition, the parallel movement of the glass 
substrates becomes dif?cult by the presence of the ?exible 
ring. On the other hand, as an indispensable item of the 
present embodiment, the outer O-ring 37 should be touching 
the outer Wall of the box-shaped table 41, and at the same 
time, the inner O-ring 38 should be touching the rear glass 
substrate 9. The indispensable item can easily be accom 
plished Within the scope of accurate processing for the 
box-shaped table 41 and the donut-shaped top lid 36, if 
sufficient ?exibility and elasticity of the outer O-ring 37 and 
the inner O-ring 38 are provided. Accordingly, the problem 
With regard to the processing accuracy such as the ?ne 
thickness adjustment of the ring 18 Which is required in the 
previous embodiment is being resolved in the present 
embodiment. 

In the isolating process of step 33, it is important for the 
donut-shaped top lid 36 to suf?ciently cover the periphery of 
the glass substrates, and a dimension of the donut-shaped top 
lid 36 is determined to suf?ciently alloW for the active 
breaking of the barrier rib 7. It is a Well-knoWn fact that 
much pressure is applied to part of the glass substrates that 
the inner O-ring 38 touches during the decompressing, and 
the pressure declines rapidly for the outer part of the glass 
substrates. Speci?cally, an ideal point for the inner O-ring 38 
to touch the rear glass substrate 9 is in the effective support 
by the box-shaped table 41, the setter 47, the frontal glass 
substrate 5 and a loWer barrier rib 7. Because, much portion 
of the outside pressure received by the donut-shaped top lid 
36 during decompressing is transferred to the point of 
contact of the inner O-ring 38 With the rear glass substrate 
9, therefore, Without these support, the rear glass substrate 9 
may break. HoWever, due to such support, a several of the 
barrier rib 7 may end up in the region outside the inner 
O-ring 38. In this region, the more a distance from the inner 
O-ring is apart, the extent of decline in the pressure against 
the barrier rib 7 is rapid. Thus the region may fail to obtain 
a desired breakage of the barrier rib 7. Accordingly, a shape 
of the inner O-ring 38 is determined, knoWing ?rst of all that 
a sufficient pressure needed to be applied to the barrier rib 
7 located Within the region of effective display for the 
plasma display panel. Depending on circumstances, it is 
ideal to set adummy barrier rib pattern beforehand on the 
rear glass substrate 9, in the region outside the effective 
display, in order to support the previously mentioned pres 
sure received from the inner O-ring 38. 
An another manufacturing method is described for the 

present embodiment. 
FIG. 10 illustrates the same apparatus as the one shoWn in 

FIG. 8, except for the con?guration that table 51 is cut at a 
central portion Where clips 52 and 53 for fastening the tWo 
glass substrates 5 and 9 are inserted. 
According to the manufacturing method for this 

apparatus, the process of alignment in step 18 is adopted, 
and after the alignment, the tWo glass substrates are fastened 
using both of the clips 52 and 53. By doing so, the 
re-alignment in step 32 can easily be repeated at same 
manner as the step 18, and then the process continues to the 
pasting process of step 19. Note that a timing to form the 
sealing glass 14 can either be before or after the step 18. 
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Embodiment 5 

In the previous embodiments, the ?uorescent bodies 8R, 
8G and 8B are formed on the rear glass substrate 9. Since the 
rear glass substrate 9 includes the ?uorescent bodies, a 
cleaning means using the ultrasonic Wave air bloWer to 
remove the broken fragments 23 results in a danger of taking 
aWay a normal pattern of the ?uorescent bodies 8. In 
addition, the ?uorescent bodies 8 attached on the Wall may 
take a role of connecting the broken fragments 23, therefore, 
there are cases When the broken fragments 23 can not be 
removed by only a suction force from vacuuming. 

Thus, for an effective removing of the remnants, each 
steps are processed according to the methods of previous 
embodiments before forming the ?uorescent bodies on the 
rear glass substrate 9. That is, the ?uorescent bodies are not 
formed that the strong cleaning means such as the ultrasonic 
Wave air bloWer can be adopted. In addition, since no 
?uorescent bodies are present on the rear glass substrate 9 
yet, the ?uorescent bodies do not act as connector of the 
broken fragments 23. As such, after the effective removal of 
the broken fragments 23 of the barrier rib, for example, after 
the cleaning step of step 7, the ?uorescent bodies are formed 
folloWed by the ?nal alignment step, therefore reduces a 
number of broken fragments 23 Which are causing the dot 
imperfections at the time of emission. 

Similarly in the previous embodiment, the frontal glass 
substrate 5 starts off With a state Where the cathode ?lm 4 is 
formed on it. HoWever, a surface of MgO, Which is used in 
general as the cathode ?lm in AC-type plasma display panel, 
is readily contaminated at the surface, and the surface has a 
nature of being dif?cult to sufficiently clean by degassing 
during the decompressing step When such contamination 
starts. When the frontal glass substrate 5 is processed With 
the state Where the cathode ?lm 4 is formed on it, the top of 
barrier rib 7 or the ?uorescent bodies rub against the cathode 
?lm 4, that the cathode ?lm 4 is readily exposed to a state 
of receiving the contamination mentioned above. 

Accordingly, similar to the case With the ?uorescent 
bodies, When implement the steps of manufacturing method 
from the previous embodiment by using the frontal glass 
substrate 5 before forming the cathode ?lm 4 on it, the 
problem of contamination is resolved. This Way, almost no 
neW protrusions Will appear When forming the cathode ?lm 
4 Which leads to breakage of barrier rib 7. Therefore, even 
Without the cathode ?lm 4, ideal barrier rib breakage can 
fully be achieved under the illustrated ?gures of the appa 
ratus. 

After these processes are completed, using the strong 
means of cleaning the surface of the dielectric layer 3 such 
as the ultrasonic Wave air bloWer to effectively remove the 
broken fragments 23, the cathode ?lm 4 is placed on the 
frontal glass substrate 5, and then the ?nal alignment step 
can take place. 

According to description of the previous embodiments, 
before the ?nal alignment process of step 18, the breaking of 
barrier rib are actively forced to take place in places Where 
the breakage might occur, and after removing the broken 
fragments 23 of the barrier rib, and then the ?nal alignment. 
A main purpose of the present invention is to remove the 
broken fragments of barrier rib 7 caused from protrusions in 
the dielectric layer 3, therefore, Without considering the state 
of the dielectric layer 3, a ?xed effect can be obtained by 
actively breaking the barrier rib previously using the rear 
glass substrate 9 solely to the places Where the protrusions 
at the top of barrier rib 7 occur. Speci?cally, instead of using 
the frontal glass substrate 5 to the apparatus of FIGS. 5, 6 
and 9, a smooth and plane glass substrate can also be used. 
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Accordingly, before the ?nal alignment of pasting the tWo 
glass substrates together, the breaking of barrier rib is 
actively performed in places Where the barrier rib breakage 
may likely to occur, and the broken fragments of the barrier 
rib are removed to reduce the number of the broken frag 
ments of barrier rib remained inside the plasma display 
panel, therefore, the present invention has an effect of 
decreasing the dot imperfections of emissive display for the 
plasma display panel. 

In addition, in cases When a completed plasma display 
panel receives a vibration or a shock from the outside, then 
the shock is transmitted to the barrier rib touching the frontal 
glass substrate. The shock may cause further breaking of the 
barrier rib, and the further breaking may cause an increase 
in the occurrence of the dot imperfections. Therefore, the 
present invention has an effect of decreasing a probability of 
the neW barrier rib breakage occurring and the dot imper 
fections. 

The invention being thus described, it Will be obvious that 
the same may be varied in many Ways. Such variations are 
not to be regarded as a departure from the spirit and scope 
of the invention, and all such modi?cations as Would be 
obvious to one skilled in the art are intended to be included 
Within the scope of the folloWing claims. 
What is claimed is: 
1. A manufacturing method of panel display, for sealing a 

?rst glass substrate having a barrier rib and a second glass 
substrate having a dielectric layer to form a discharge 
chamber in betWeen the ?rst glass substrate and the second 
glass substrate, the method comprising steps of: 

temporary aligning the ?rst glass substrate and the second 
glass substrate face-to-face, With a side of the barrier 
rib facing a side of the dielectric layer; 

decompressing a barrier rib pattern area formed With the 
?rst and the second glass substrates under the tempo 
rary aligning from a normal atmospheric pressure; 

cleaning at least one of the glass substrates on facing side 
after detaching the glass substrates from the temporary 
aligning, after returning a pressure inside the barrier rib 
pattern area to the normal atmospheric pressure; and 
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sealing the discharge chamber by re-aligning and then 

pasting the tWo glass substrates in approximately the 
same manner as the temporary alignment. 

2. The manufacturing method of panel display according 
to claim 1, for a step of spreading a sealing material around 
at a panel periphery of either one of the glass substrates for 
the pasting of the tWo glass substrates, Wherein the step is 
inserted in betWeen the cleaning step and the step of sealing 
the discharge chamber. 

3. The manufacturing method of panel display according 
to claim 1, Wherein the step of sealing the discharge chamber 
further includes a step of inserting the sealing material at the 
panel periphery of one of the glass substrates. 

4. The manufacturing method of panel display according 
to claim 1, for the step of temporary aligning, Wherein the 
step is provided With spacers at the periphery of either the 
?rst or the second glass substrate. 

5. The manufacturing method of panel display according 
to claim 1, for the step of decompressing the barrier rib 
pattern area, Wherein the step includes forming of an air 
tight space surrounding the panel periphery connected to the 
barrier rib pattern area, and decompressing the barrier rib 
pattern area through the air-tight space. 

6. The manufacturing method of panel display according 
to claim 1 further includes a step of spreading ?uorescent 
bodies to the ?rst glass substrate, Wherein the step is inserted 
in betWeen the cleaning and the sealing of the discharge 
chamber. 

7. The manufacturing method of panel display according 
to claim 1 further includes a step of setting a cathode to the 
second glass substrate, Wherein the step is inserted in 
betWeen the cleaning and the sealing of the discharge 
chamber by pasting steps. 

8. The manufacturing method of panel display according 
to claim 1, the temporary aligning step, the decompressing 
the barrier rib pattern area step, and the cleaning step are 
repeated a plurality of times. 

9. The manufacturing method of panel display according 
to claim 1, for the step of temporary aligning, a ?at plane 
With a smooth surface is replacing With one of the ?rst and 
the second glass substrates. 

* * * * * 
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